Food industry workers are at increased risk for occupational contact urticaria (CU). There are many foodstuffs that have been reported to cause occupational CU, including seafood, meat, vegetables, and fruits. The aim of this review is to summarize all reported occupational cases of CU in the food industry. This is a systematic review based on a MEDLINE search of articles in English and German and a manual search, between 1990 and 2014, to summarize the case reports and case series of occupational CU in the food industry. Many different foodstuffs have been implicated in CU. Occupational CU has been reported in many different occupations, mostly in individuals dealing with seafood, meat, vegetables, and fruits, such as chefs, cooks, bakers, butchers, slaughterhouse workers, and fish-factory workers. Foodstuffs that commonly induce occupational protein contact dermatitis include fish, seafood, meats, vegetables, and fruits. Food handlers may acquire CU resulting from occupational exposures. The prognosis varies widely. The diagnosis of immunological CU is based on the clinical history and on a positive prick test with the suspected substance and/or measurement of specific IgE.
presentation of PCD is chronic or recurrent eczema of the hands, wrists, and arms (6) .
Occupational CU is caused by exposure to skin irritants and allergens in the workplace (7) .
Irritants, for example chemicals or physical agents, may cause direct damage to the stratum corneum. This may result in an inflammatory non-immunological cutaneous reaction, possibly enhancing PCD (8) .
We performed a systematic review of reported cases, case series, and retrospective studies of occupational CU, which has been lacking so far.
Materials and Methods
This systematic review was based on the MEDLINE database with the following research criteria: ([contact urticaria] AND [occupational] AND [food]). Our search was limited to English-language and German-language, human-subject studies published between 1 January 1990 and 31 December 2014. We reviewed the reference lists of the full-length articles to identify additional articles meeting the predefined inclusion criteria (Fig. 1) .
A total of 81 articles were identified from the initial search, and three additional articles were found from manual review. We included case reports, case series, and retrospective studies. After review of all articles, 43 full-text articles were further evaluated. As we focused on the primary literature and avoided double-counting, 17 reviews were excluded from our primary analysis (Table 1) . However, these reviews were also manually screened for primary references, and are optionally mentioned in the Discussion. We also excluded cases without an occupational and food industry background, and cases dealing only with PCD. Following these exclusion criteria, we finally considered 24 articles. For each study included, we recorded the author/year, country, study design, age/sex, occupation, allergens, symptoms, medical history, and diagnostic information (Table 1) .
Results
Many different foods and foodstuffs have been implicated in occupational CU. These reactions occur frequently on the hands, but other symptoms may also develop. The most frequently reported causative foodstuffs include seafood, meat, vegetables, fruits, and mushrooms. Food handlers, cooks, bakers and butchers seem to be at increased risk. Food handlers and bakers ranked as the two most common occupations at risk for CU in Finland (33) ( Table 2 ). The causative allergen may be elusive, because most professional cooks, bakers and butchers handle a wide variety of seafoods, meats, fruits, and vegetables (4) ( Table 3 ).
In total, 72 patients (35 females and 37 males) were finally included in the dataset from the included studies. The mean age of the patients was 28.8 years. Atopy (atopic dermatitis, hay fever, or asthma) was reported in 41.7% (30 patients) .
The time period between the beginning of work and manifestation of skin symptoms varied, and the dataset of the included studies was incomplete in this regard. The diagnosis was mostly based on prick testing and specific IgE measurement.
Seafood and fish
Occupational exposure to seafood and fish allergens occurs mainly in the food and fishing industries (34) . Reactions can occur through inhalation of aerosols generated during cutting, scrubbing, or cleaning, or through the skin as a result of direct handling of the seafood and fish itself (34) . Atopy and skin integrity or impairment constitute important host-associated risk factors for the development of CU and PCD (34) .
Wiszniewska et al. reported a seafood production worker with severe asthma, rhinitis, conjunctivitis and CU caused by exposure to squid (11) . After 1 year of working, he developed nasal, conjunctival and skin symptoms (11) . IgE for squid was present. Prick-to-prick tests and an open skin test with squid also gave positive results. 
(6)
A 22-year-old cook developed erythema, oedema, itching and burning on the hands after handling fresh uncooked calamari (26) . A prick-by-prick test and an open application test gave strongly positive results within a few minutes, and there was a high level of IgE for squid.
Two young cooks reported having CU after handling fish and different kinds of seafood (20) . One of them started to develop CU after handling red mullet, haddock, and sea bass, and the other after handling prawn, shrimp, crab, and spider crab (20) . In both cases, prick-by-prick and rub tests gave positive results.
In a retrospective analysis of cases retrieved from files of an Employer's Liability Insurance Association for the foodstuffs and catering industry, not published elsewhere, which were evaluated by Dickel et al., 30 cooks with occupational seafood allergy were assessed (9) . Most cases occurred in younger workers, with early manifestation (9) . Immediate sensitizations to cod, salmon, trout and herring were most commonly documented (9) . Emergency treatment because of anaphylactic shock at the workplace became necessary in five cases (16.7%) (9).
Meat
Jovanovic et al. reported a 21-year-old baker with occupational CU caused by beef, associated with hand eczema (31) .
In a case series by Freeman et al. comprising 11 cases, an atopic butcher had hand dermatitis for 3.5 years (32) . The results of patch tests were unremarkable, but prick tests produced strong urticarial reactions to samples of lamb, veal, pork, and beef (32).
Geyer et al. reported a 21-year-old male hunter with a medical history of rhinoconjunctivitis and seasonal allergens (22) . This was the first report of CU caused by roe deer meat and hair. The hunter developed localized urticaria after contact with the raw meat and hair of the roe deer. Rub tests with raw deer meat and hair gave positive results.
Vegetables and fruits
A non-atopic girl working in a biscuit factory, sprinkling dough with paprika, developed wheals on the forearms and hands (24) . These were associated with rhinorrhoea and sneezing. After the patient had stopped work, the CU resolved. A prick test with paprika powder gave a strongly positive reaction.
The first report of CU syndrome caused by artichokes was reported by Quirce et al. (28) . The female non-atopic patient had been working in a vegetable-processing plant. She developed an acute episode of generalized urticaria: angioedema of the hands and face, rhinorrhoea, red, itchy and watery eyes, dyspnoea, and chest tightness (28) . The patient required treatment in the emergency department. The total IgE level was elevated. Prick tests with artichoke stem, leaf, fuzz (from stem and leaves) and seed gave positive results.
Alikhan et al. reported a case with urticaria localized to the arms and exacerbated by occupational exposure to Solanaceae (tomato, green bell pepper, jalapeno, red bell pepper, serrano pepper, and pasilla pepper) and Alliaceae (garlic, yellow onion, green onion, and leek) plants (13) . Later, oral and occupational skin contact triggered more widespread urticaria affecting the face, neck, and chest, with bronchospasm, gastrointestinal discomfort, and hypotension (13) . The prick test reactions were positive.
A man who had been working as a cook for 20 years had a history of hand dermatitis aggravated by his work (30) . He noticed burning and stinging of eczematous skin when handling cucumber pickles (30) . Open immediate skin tests gave positive results for cucumber pickle and strawberry.
Another cook was seen with sneezing, rhinorrhoea, CU and wheezing within few minutes of handling or cutting raw carrots (18) . Skin tests gave positive results for carrot, celery, aniseed, and fennel.
The first case of CU caused by walnuts was seen in a baker handling raw cake mixture and grease contaminated with walnut (21) . He developed itching of the hands and wrists. Positive wheal-and-flare reactions occurred with walnut.
Beer
Two patients with occupational CU after contact with beer have been reported (10, 29) . Both patients had a positive medical history of atopic dermatitis and rhinoconjunctivitis. They reported wheals on the hands after contact with beer while working in a bar as a bartender and waitress. The pathomechanism of the development of CU after contact with beer is not known. The positive prick test result with beer and the presence of IgE antibodies for beer components point to an immunological mechanism in beer-related CU (10).
Other foodstuffs
Williams et al. reported a 35-year-old female sandwich shop proprietor who presented with vesicular dermatitis especially affecting the fingers, spreading to the forearms, the elbows, and the right leg (16) . She had a medical history of childhood eczema. On prick testing, a positive response was observed to Parmesan cheese.
A young female cook reported several episodes of pruritic wheal-and-flare reactions on the hands and forearms after stripping the leaves from the pennyroyal plant (14) . Prick tests with inhalant and food allergens gave negative results. Open patch tests with pennyroyal and peppermint gave positive results (14) .
Discussion
Food handlers may acquire CU resulting from occupational exposures. Food additives include preservatives, antioxidants, emulsifying agents, stabilizers, bleaching agents, and flavouring agents, which may irritate the skin (4). The causative allergen may remain elusive, because most professional food handlers deal with a wide variety of foodstuffs. The hands are most commonly affected by occupational contact urticaria, followed by the wrists, arms, and face (7, (35) (36) (37) .
In a retrospective analysis by Dickel et al. which comprised by far the largest number of cases in one industry, early manifestation of seafood allergy was observed in young workers (after a median of 1.7 years in the occupation) (9) .
In a retrospective analysis by Williams et al. 65% of the patients diagnosed with occupational CU had a history of atopy, and patients diagnosed with occupational CU were significantly more likely to be atopic (38) . This finding was also supported by Freeman and Rosen (32) .
The diagnosis of occupational CU involves clinical and detailed occupational history taking, clinical examination, patch testing, prick testing, and specific IgE measurement. Because CU is an immediate-type reaction, patch tests with the responsible allergen(s) usually give negative results at the routine readings (19) . Early readings performed 20 min after patch test placement may show erythema and an urticarial reaction. The significance of a positive patch test reaction in connection with immediate allergy to the same test material is controversial (19) . The patch test reaction may be an irritant reaction, it may be a manifestation of PCD, or it may result from delayed-type sensitization to some chemical substance in the test material (19) .
The first step in diagnostic testing for immediate IgE-mediated allergy is to prick test with fresh materials and/or commercial reagents (6) . Oral challenges with foods may give negative results, as the allergen is chemically modified by digestion or the cooking process (4) . It has to be taken into account that epicutaneous patch testing with proteinaceous material is not without risk. Because of absorption, systemic anaphylaxis may be provoked in highly sensitized cases. Precautions such as early readings and removal of test materials in cases of wheal-and-flare reactions should be taken (39, 40) . CU, like other occupational skin diseases, can be prevented by applying the normal hierarchy of preventive measures, that is, elimination, substitution, engineering controls, safe work practices, and personal protective equipment (7).
Valks et al. reported that sensitization to natural rubber latex (NRL) with positive prick test results and high specific IgE levels was much more common in healthcare workers than in non-healthcare workers (41) . Allergic CU caused by NRL was more common in women, and was seen more commonly in atopic patients (41) . Minimizing exposure reduces the incidence of CU, as was shown when latex gloves were replaced by powder-free, low-protein latex gloves (7) . The reduction in the use of powdered NRL gloves has been shown to be associated with a decrease in the number of cases of occupational CU (42) . Substitution generally reduces the incidence of occupational contact dermatitis and occupational CU (7, 43, 44) .
Mälkönen et al. reported that occupational CU has a better prognosis than occupational dermatitis (45) . In a 6-month follow-up study of 1048 patients diagnosed with occupational skin disease, the prognosis was best in the 155 patients with occupational CU, of whom 35% were cured.
Other food-induced allergic reactions, for example pork-cat syndrome, may also be encountered in the food industry. Alvarez-Perea et al. reported a case of occupational asthma resulting from pork-cat syndrome. Pork-cat syndrome is characterized by hypersensitivity to cat serum albumin, owing to the antigenic similarity with pig serum albumin (46) . The most common cross-reactions are between serum albumins from cats, dogs, horses, and pigs. Dog and cat serum albumins have been found to be cross-reactive in most patients who are allergic to mammal albumins (46) .
PCD is also often associated with food proteins, especially with raw seafood or meat proteins. In the seafood industry, the reported prevalence of occupational contact dermatitis, including, for example, the crustacean class, the arthropods (shrimp), and molluscs (squid), is 3-11% (34) . PCD usually evolves into chronic eczema with episodic acute exacerbations a few minutes after repeated contact with the allergen (34) .
Gonzalez-Munoz et al. reported a butcher with occupational PCD caused by chicken meat (15) . There have also been cases of occupational IgE-mediated PCD caused by pork, beef, lamb, rye, wheat flour, raw potato, shiitake mushrooms, and pasta (19, 23, 47) .
There is no direct evidence relating to the effectiveness of health surveillance in the early detection of occupational CU (7) . However, there is some evidence that employee education and training programmes may help to reduce the incidence of occupational contact dermatitis (7) (48, 49) . This may also be true for occupational CU, although the effectiveness of such programmes may be difficult to prove, owing to the low incidence of the condition.
The most important intervention in terms of secondary prevention for occupational CU with allergic respiratory or generalized skin symptoms is the complete avoidance of the offending antigen, to prevent recurrent symptoms and possibly life-threatening anaphylaxis.
